Abstract Phytoplasma-like symptoms such as general decline, leaf reddening, yellowing, shortening of internodes and witches broom were observed in peach trees in the orchards of Meerut, India during May-August 2010-13. Leaf samples from symptomatic peach trees were collected and the presence of phytoplasma was confirmed by amplification of the 16S rRNA gene and secA gene by phytoplasma specific primers. Sequencing and BLAST analysis of ∼1.25 kb of the 16S rDNA gene and ∼840 bp of non-ribosomal secA gene fragments indicated that phytoplasma associated with peach disease was identical to the 16SrI Aster yellows group phytoplasma. Phylogenetic analysis of 16S rDNA peach phytoplasma also grouped it with 16SrI-A. This is the first report of association of a phytoplasma of 16SrI-A subgroup with peach trees in India.
In India, peach (Prunus persica) is mostly grown in the subtropical region of Uttar Pradesh and neighbouring states. During May 2010-13, symptoms of general decline, leaf reddening, yellowing, shortening of internodes, and witches broom ( Fig. 1) were observed in about 40 % of the trees in the peach orchards near Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut in Uttar Pradesh State of India. Remaining trees appeared healthy showing vigorous growth throughout the year. Therefore, a study was undertaken to determine the presence of a phytoplasma in symptomatic and non-symptomatic peach trees. Several groups of phytoplasmas are known to be associated with peach diseases worldwide (Poggi Pollini et al. 1993; Marcone et al. 1996; Blomquist and Kirkpatrick 2002; Anfoka and Fattash 2004; Zunnoon-Khan et al. 2010; Arocha-Rosete et al. 2011) . Identification of the phytoplasma associated with this peach disease was carried out by amplifying and sequencing the secA gene and 16S rRNA gene.
Total DNA was extracted from leaf midribs of 30 trees in three replicates each (symptomatic and non symptomatic) with DNeasy Plant Mini Kit, Qiagen, Germany. A nested PCR assay to amplify the phytoplasma 16S rRNA gene using universal phytoplasma primers P1/P7 (Deng and Hiruki 1991) , R16F2/R16R2 (Gundersen and Lee 1996) and P1/Tint (Smart et al. 1996) was carried out. The characteristic bands of desired size (1.8, 1.26 and 1.6 kb, respectively) were obtained in twelve out of the thirty trees tested for the presence of phytoplasmas from symptom-bearing trees. The twelve positive trees were further tested for phytoplasma with primers secA1F/secA3R of non-ribosomal secA gene (Hodgetts et al. 2008 ) and bands of ∼840 bp were observed. However, there was no phytoplasma detected in symptomless trees. Three PCR products amplified with P1/Tint samples and three from secA1F/secA3R were selected and purified (QIAquick Gel Extraction kit, Qiagen, Germany) and directly sequenced at Bioserve Pvt Limited, Hyderabad. A resultant 1,592 bp 16S rDNA sequence with Accession No. AB858361 and 482 bp secA gene sequence AB858360 was deposited in DNA Data Bank of Japan (http://www.ddbj.nig.ac.jp/). Blastn analysis of the 16S rDNA gene sequences revealed that the peach phytoplasma was 99 % identical to phytoplasmas in the aster yellows phytoplasma group (16SrI group). Similarly, Blastn analysis of the secA gene sequences also confirmed that the phytoplasma was 95-99 % identical to phytoplasmas in the aster yellows phytoplasma group (16SrI).
Phylogenetic analysis was performed by constructing an evolutionary tree using MEGA version 4.0 (Tamura et al. 2007 ) using sequences from earlier reported phytoplasmas (Fig. 2) . Sequences were aligned by Clustral X (Thompson et al. 1997 ) and trimmed to the length of the phytoplasma sequences being analysed in the present study. Maximum parsimony method was used for tracing evolutionary relationships. The out group chosen for rooting was Acholeplasma palmae (M23932). On comparison with 16S rDNA sequences of phytoplasma groups and subgroups associated with different plant/trees species peach phytoplasma (AB858361) clustered with the 16SrI 'Candidatus Phytoplasma asteris' group.
Sequence similarity matrices generated for 16 s rRNA gene using Bioedit (Hall 1999 ) ranged between 89-99 %. Phylogenetic analysis supported BLAST comparisons, showing the similarity of the phytoplasma associated with peach disease (AB858361) to subgroup 16SrI-A by clustering in the single distinct branch that encompasses this subgroup.
Our study confirmed a new host recording of 16SrI aster yellows phytoplasma (AY) group with peach disease in India. The 16SrI group phytoplasma has been associated with several phytoplasma diseases in India such as Periwinkle virescence (Azadvar and Baranwal 2009) , Sandal spike (Khan et al. 2008) , Sesamum phyllody (Khan et al. 2007 ), Parthenium viresence (Raj et al., 2008b) , Achyranthesaspera yellows (Raj et al. 2008c) , Little leaf disease of desert rose (Raj et al. 2006a) , witches-broom disease of Cannabis sativa (Raj et al. 2008a ), Pigeon pea little leaf (Raj et al. 2006b ), Chilli little leaf (Khan and Raj 2005) , witches-broom of Crotalaria tetragona (Baiswar et al. 2009 ) and Black pepper phyllody (Bhat et al. 2006 ). These results highlight to the diversity of phytoplasma found in peach previously well documented. The molecular identification and characterisation of peach disease should contribute to expanding the knowledge of the genetic diversity and epidemiology of 16SrI phytoplasmas in Fig. 1 Symptoms of phytoplasma disease infecting peach trees. a and b; Typical symptoms of phytoplasmal disease in the peach orchards of Meerut, India. Symptoms include leaf reddening, rosette-type appearance similar to witches broom. c Healthy peach trees India and worldwide, and to developing new approaches to better control phytoplasma-associated diseases in peach and other Prunus species. Moreover, the molecular methodology used for the identification and characterisation of the 16SrI phytoplasma in peach is a suitable tool to evaluate samples from other Prunuscultivating areas of India, and to identify potential vectors, which could assist in developing effective disease management strategies. Fig. 2 A phylogenetic tree based on the 16S ribosomal gene using the Maximum Parsimony method. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths calculated using the average pathway method (Nei and Kumar 2000) and are in the units of the number of changes over the whole sequence. 'Ca. P' stands for 'Candidatus Phytoplasma sp.'; P stands for 'Phytoplasma'; A laidlawii stands for Acholeplasma laidlawii as the outgroup
